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Abstract.-The mean dimensions o f m a r t e n s i t i c p l a t e s formed a t t h e b u r s t temperature i n t e n i r o n -n i c k e l a l l o y s have been measured. The b u r s t t r a n sformation proceeds predominantly by t h e s p r e a d i n g of n u c l e a t i o n through autoc a t a l y t i c s t i m u l a t i o n a c r o s s g r a i n boundaries r a t h e r t h a n by f i l l i n g -i n of p l a t e s w i t h i n p a r t i a l l y transformed g r a i n s . The mean semithickness-to-radius r a t i o , z, of p l a t e s is found t o d e c r e a s e l i n e a r l y from 0.11 a t 250 K t o 0.04
a t 80 K. E x t r a p o l a t i o n of t h i s l i n e a r r e l a t i o n s h i p t o temperatures n e a r 0 K y i e l d s a very s m a l l c z r a t i o , t h a t is c h a r a c t e r i s t i c of t h e t h i n -p l a t e morphology. The m a r t e n s i t i c p l a t e s a r e p a r t i a l l y twinned about t h e midrib, t h e e x t e n t of twinning i n c r e a s i n g w i t h d e c r e a s i n g b u r s t temperature. The mean twinned semithickness-to-radius r a t i o , c y / r i n c r e a s e s w i t h d e c r e a s i n g b u r s t
temperature, r e a c h e s a maximum o f 0.05 a t 160 K , and d e c r e a s e s t h e r e a f t e r . E x t r a p o l a t i o n o f c 7 . t o z e r o y i e l d s 285 K a s t h e temperature of t r a n s i t i o n from t h e p a r t i a l l y -t w~n n e d p l a t e t o t h e f u l l y -l a t h morphology. I n t r o d u c t i o n . -I n r e c e n t y e a r s , q u a n t i t a t i v e measurements o f t h e dimensions o f marte n s i t i c p l a t e s i n i r o n base a l l o y s have been r e p o r t e d by many r e s e a r c h e r s (1-8). These measurements cover a l l t h e t h r e e common k i n e t i c modes of m a r t e n s i t i c t r a n s f o rmation, namely, t h e athermal mode ( 3 , 4 ) , t h e b u r s t mode ( 2 , 5 , 6 , 8 ) and t h e i s o t h e r m a l mode (1,7). Chen and Winchell ( 3 ) found t h a t , i n a c o a r s e g r a i n e d 0 1 t o o l s t e e l , t h e mean p l a t e r a d i u s 5 d e c r e a s e s l i n e a r l y w i t h i n c r e a s i n g m a r t e n s i t i c f r a c t i o n f , b u t t h e mean s e m i t h i c k n e s s c remains c o n s t a n t . On t h e o t h e r hand, i n f i n e g r a i n e d samples o f t h e same steel, both r and 6 a r e found t o be independent of f ( 4 ) . Guimar z e s and Gomes ( 6 ) r e p o r t e d t h a t , i n an Fe31Ni a l l o y , f o r a given f , t h e E f i r a t i o does n o t depend on t h e g r a i n s i z e . Gupta and Raghavan ( 7 ) found t h a t c7f o f i s o t h e rmally -formed p l a t e s i n an Fe24Ni3Mn a l l o y d e c r e a s e s by more t h a n a f a c t o r o f 2 w i t h s m a l l i n c r e a s e s i n t h e r e s i d u a l carbon c o n t e n t . I n an Fe21Ni0.24C a l l o y , D u r l u and C h r i s t i a n ( 8 ) found a s u b s t a n t i a l d e c r e a s e i n c x with i n c r e a s i n g p l a s t i c s t r a i n o f t h e a u s t e n i t e deformed p r i o r t o t r a n s f o r m a t i o n . Unfortunately, many o f t h e s e measurements have been made on p l a t e s formed over a range of t e m p e r a t u r e s below MS o r Mb, t h u s i n t r o d u c i n g v a r i a t i o n s i n t h e chemical d r i v i n g f o r c e f o r t h e r e a c t i o n and i n t h e e l a s t i c and p l a s t i c -f l o w p r o p e r t i e s of t h e phases. Under such c o n d i t i o n s , i t i s d i f f i c u l t t o s e p a r a t e o u t t h e b a s i c f a c t o r s t h a t determine t h e dimensions o f t h e p l a t e s , from t h e g e o m e t r i c a l f a c t o r s such a s t h e g r a i n s i z e , t h e p a t t e r n of p a r t i t ioning o f t h e a u s t e n i t e g r a i n s and t h e formation sequence o f p l a t e s . I n t h i s work, w e have measured t h e mean dimensions of t h e m a r t e n s i t i c p l a t e s formed a t one tempera t u r e (Mb) i n a number of Fe-Ni a l l o y s , under c o n d i t i o n s where t h e g e o m e t r i c a l f a c t ors have l i t t l e e f f e c t on t h e measured parameters. S e v e r a l i n v e s t i g a t i o n s (9-12) have r e v e a l e d t h a t m a r t e n s i t i c p l a t e s i n Fe-Ni a l l o y s a r e p a r t i a l l y twinned about t h e midrib, w i t h an o u t e r r e g i o n of high d i s l oc a t i o n d e n s i t y . I t i s b e l i e v e d t h a t t h e o p e r a t i v e mode o f l a t t i c e i n v a r i a n t s h e a r Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1982483 changes from twinning t o s l i p during t h e l a t e r s t a g e s of growth of a p l a t e . P a t t e rson and Wayman (11,121 noted t h a t t h e e x t e n t of twinning i n c r e a s e s w i t h i n c r e a s i n g n i c k e l c o n t e n t and decreasing b u r s t temperature. Here, we have d e f i n e d an a d d i t i o n a l parameter c a l l e d t h e twinned semithickness-to-radius r a t i o , c T / r , and have made quant i t a t i v e measurements of t h e same on p l a t e s formed a t d i f f e r e n t b u r s t temperatures.
Experimental Procedures.-T h i r t e e n i r o n -n i c k e l a l l o y s were melted a s 50 g b u t t o n s i n an argon a r c melting f u r n a c e , u s i n g i r o n and n i c k e l of e l e c t r o l y t i c p u r i t y as t h e s t a r t i n g m a t e r i a l . The n i c k e l c o n t e n t s of t h e a l l o y s vary from 30 t o 34.5%. This composition range was chosen s o t h a t a l l t h e a l l o y s transform by a b u r s t a t subzero temperatures. The b u t t o n s were forged i n t o r o d s and homogenized i n evacuated t u b e s a t 1100° C f o r 72 hr. The r o d s were then r o l l e d and w i r e drawn t o a diameter o f 1.25 mm. A f i n a l anneal of 1 h r a t 12000C e s t a b l i s h e d a g r a i n s i z e of . 0.09 mm (mean l i n e a r i n t e r c e p t ) . Nickel l e a d s were s p o t welded t o t h e w i r e specimens and a 'doping' anneal was given a t 8000 C f o r 1 5 min t o p r e v e n t p r e f e r e n t i a l s u r f a c e n u c l e a t i o n o f m a r t e n s i t e during subzero c o o l i n g .
Specimens (55 mm l o n g ) a r e continuously cooled i n a l a r g e b a t h o f isopentane.
A s soon a s t h e b u r s t i s d e t e c t e d by t h e n e e d l e o f t h e r e s i s t a n c e b r i d g e going o f f t h e s c a l e , t h e specimen is upquenched t o room temperature. For a given composition, a s c a t t e r i n M b of about 1 0 K i s observed. I n a d d i t i o n t o t h i s n a t u r a l s c a t t e r , Mb has been d e l i b e r a t e l y changed by t h e 'tweaking' technique (13). Here, a p r o t r u s i o n a t one end of t h e specimen i s p l a s t i c a l l y deformed by means of a p l i e r t o induce t r a n s f o r m a t i o n . T h i s t h e n s p r e a d s t o t h e undeformed p a r t of t h e w i r e , t h e r e s i s t a n c e of which is measured. I n t h i s manner, f o r t h e same composition, it i s p o s s i b l e t o o b t a i n d i f f e r e n t Mb t e m p e r a t u r e s and d i f f e r e n t f r a c t i o n s OF m a r t e n s i t e forming a t Mb. Following Fullman (14), t h e parameters E ( t h e mean of t h e r e c i p r o c a l s of t h e l e n g t h s of t h e p l a t e s ) , P ( t h e mean of t h e r e c i p r o c a l s of t h e t h i c k n e s s e s ) , and G ( t h e mean o f t h e r a t i o s of t h e t h i c k n e s s -t o -l e n g t h )
, a s w e l l a s F and (correspond-T T i n g -t o t h e twinned t h i c k n e s s e s ) a r e measured. From t h e s e , t h e p l a t e dimensions r , C , F r , C/r, c T , CT/r and ST/: a r e e v a l u a t e d . R e s u l t s . - Table 1 shows t h e e v a l u a t e d dimensions f o r 1 0 o f t h e 1 3 a l l o y s i n v e s t i g a t e d .
The a l l o y w i t h t h e lowest n i c k e l c o n t e n t (29.8Ni) has t h e l a t h morphology, whereas two a l l o y s w i t h t h e h i g h e s t n i c k e l c o n t e n t s have t h e t h i n -p l a t e morphology. No measurements were made on t h e s e t h r e e a l l o y s . F i g s . 1 t o 4 a r e scanning e l e c t r o n micrographs of p l a t e s formed a t s u c c e s s i v e l y lower Mb t e m p e r a t u r e s and demonstrate t h e i n c r e a s i n g e x t e n t o f twinning w i t h d e c r e a s i n g Mb. Fig. 4 from t h e 33.7Ni a l l o y transformed a t 108 K shows p a r t of a fully-twinned m a r t e n s i t i c p l a t e a t high magnif i c a t i o n . The i n t e r n a l t w i n s a r e seen t o c o n t i n u e i n t h e same o r i e n t a t i o n from one s i d e t o t h e o t h e r through t h e midrib. Fig. 5 is an o p t i c a l micrograph o f a r e l a t i v e l y t h i n p l a t e formed a t 111 K , which i s f u l l y tawinned w i t h a midrib. Fig. 6 
n i t e g r a i n s by a u t o c a t a l y t i c n u c l e a t i o n a c r o s s g r a i n boundaries with minimum f i l l i n g -i n o f t h e p a r t i a l l y transformed g r a i n s (15 ).
Fig. 7 shows p l o t s of t h e o v e r a l l
, t h e twinned r a t i o c r and t h e d i f f e r e n c e between t h e two, -1, a g a i n s t Mb. The o v e r a l l fi r a t i o d e c r e a s e s l i n e a r l y with d e c r e a s i n g Mb from 0.11 a t 250 K t o 0.04 a t 80 K ( l i n e A i n Fig. 8 ). 9n t h e o t h e r hand, cS/r v a r i e s n o n l i n e a r l y . A polynomial f i t (curve 8)
i s made, assuming t h e i n t e r c e p t and t h e s l o p e a t 0 K t o be t h e same a s t h a t o f l i n e
A. shows a C-curve behaviour. I t i n i t i a l l y i n c r e a s e s w i t h d e c r e a s i n g Mb, reachlng a maximum v a l u e of 0.05 a t 160 K. On f u r t h e r d e c r e a s e i n Mb temperature, t h e twinned r a t i o d e c r e a s e s , e v e n t u a l l y a t t a i n i n g t h e same v a l u e a s c 7 , when t h e 
x t r a p o l a t i o n o f curve B t o higher temperatures y i e l d s t h a t cT/r = 0 a t 285 K. This temperature corresponds t o t h e t r a n s i t i o n from the p a r t i a l l y -t w i n n e d p l a t e t o the f u l l y -d i s l o c a t e d l a t h morphology. The d i f f e r e n c e (A -B) i s depicted by curve C. T h i s d i f f e r e n c e measures t h e w i d t h o f t h e dislocated
r e g i o n and decreases continuously w i t h decreasing Mb becoming almost zero a t low temperatures i n d i c a t i n g t h a t s l i p as t h e l a t t i c e i n v a r i a n t shear i s no longer operative. Fig. 7 . This confirms t h e e a r l i e r conclusion (15) t h a t the c / r r a t i o i s t o a f i r s t approximation independent o f p l a t e lengths i n these alloys.
Figs. 1-4: Scanning e l e c t r o n micrographs showing t h e increasing e x t e n t o f twinning i n p l a t e s formed a t successively lower b u r s t temperatures: 238K (30.1Ni), 162K (31.8Ni). 137K (32.4Ni) and 108K (33.7Ni). e n i t e g r a i n (34.5Ni). F i g . 9 i s a p l o t of (q)/(fi) a s a f u n c t i o n o f t e m p e r a t u r e . Curve f i t t i n g is done t a k i n g t h e r a t i o t o b e u n i t y a t 0 K and t h e i n i t i a l s l o p e t o b e z e r o . I t is s e e n t h a t (q/(fi) d e c r e a s e s n o n l i n e a r l y w i t h i n c r e a s i n g Mb. I t becomes z e r o a t 288 K, a g r e e l n g c l o s e l y w i t h t h e above d e r i v e d t e m p e r a t u r e o f 285 K f o r t h e t r a n s i t i o n from t h e p l a t e t o t h e l a t h morphology. F i g . 1 0 i s a p l o t ST/C a g a i n s t Mb.
The v a r i a t i o n i s q u i t e s i m i l a r t o t h a t o f F i g . 9 , i n d i c a t i n g t h a t t h e e f f e c t a r i s e s p r i m a r i l y from t h e v a r i a t i o n of t h e twinned f r a c t i o n o f t h e t h i c k n e s s w i t h t h e b u r s t t e m p e r a t u r e . -E x t r a p o l o a t i o n o f t h e l i n e a r r e l a t i o n s h i p between c/r r a t i o and Mb i n F i g s 7 and 8 t o t e m p e r a t u r e s n e a r 0 K shows t h a t t h e p l a t e s have a v e r y s m a l l c / r r a t i o ( i n t h e r a n g e o f 1/100 t o 1 / 2 0 0 ) , which i s c h a r a c t e r i s t i c of t h i n -p l a t e marte n s i t e . T h i n -p l a t e morphology h a s been o b s e r v e d f o r t h e first time i n Fe-Ni a l l o y s i n two compositions w i t h 34.2 and 34.5 Ni, which transform by a small amount between 77 K and 4 K (see Fig. 6 ) . Due t o p a u c i t y o f such p l a t e s , no q u a n t i t a t i v e measurements were p o s s i b l e i n these a l l o y s . These r e s u l t s i n d i c a t e t h a t t h e r e i s no d i scontinuous t r a n s i t i o n from t h e normal-plate t o t h e t h i n -p l a t e morphology.
Figs. 9 and 10 show t h a t , a t t h e lowest transformation temperature a t which measurements have been made (80 K), the p l a t e s on an average are twinned upto 93% o f t h e t o t a l thickness, l e a v i n g a t h i n outer r i m o f d i s l o c a t e d s t r u c t u r e . Even a t t h i s low temperature, t h e f a c t o r s which i n f l u e n c e the o v e r a l l thickness o f t h e f u l l ygrown p l a t e are r e l a t e d t o t h e s l i p p r o p e r t i e s o f t h e phases, r a t h e r than t h e twinni n g c h a r a c t e r i s t i c s .
The increase i n t h e y i e l d s t r e s s o f t h e weaker phase austenite from about 115 FI N m-2 a t 250 K t o about 220 M N m-2 a t 80 K (16) can p o s s i b l y account f o r t h e i n c r e a s i n g d i f f i c u l t y o f operation o f s l i p as the l a t t i c e i n v a r i a n t shear. The o v s r a l l c / r r a t i o a t 80 K obtained by equating t h e n e t d r i v i n g s t r e s s on t h e i n t e r f a c e d i s l o c a t i o n s (17) t o t h e y i e l d s t r e n g t h o f a u s t e n i t e i s 0.034, which i s i n t h e r i g h t range. However, t h e temperature dependence o f t h e computed values t u r n s out t o be t o o small t o account f o r t h e v a r i a t i o n observed experimentally.
The t r a n s i t i o n from t h e twinning mode t o t h e s l i p mode as t h e m a r t e n s i t i c p l a t e qrows has been a t t r i b u t e d t o t h e l o c a l temperature r i s e i n t h e austenite immediately ahead o f t h e growing m a r t e n s i t i c p l a t e (12).
The estimated temperature r i s e AT due t o a d i a b a t i c heating i s about 95K. The existence o f a small width o f t h e s l i p p e d region a t t h e outer p a r t o f the p l a t e s even a t 80 K i n d i c a t e s t h a t a d i a b a t i c heatinq must be more than 200 K, t o a t t a i n the p l a t e -l a t h t r a n s i t i o n temperature o f 285 K.
So, i t appears t h a t a d i a b a t i c heating i s n o t causing t h e t r a n s i t i o n .
2efersnces.- 
